The paper proposes and illustrates a new method for quantitatively comparing the degree of relatedness of the shape of bio-organic molecules which exhibit the same biological action but which may vary widely in their shape. The method is of interest for drug research in connection with the design and selection of test compounds.
Introduction
A revival of interest in the topological aspects of chemistry is apparent from numerous papers and review articles published during the last decade. The interest ranges from general considerations about topological chemistry [1] , to topological indices and their correlation with physicochemical properties and bioactivities [2] , to topological effects in quantum chemistry [3] ,
The aim of this paper is to develop a simple, topological-type description of the structure of bioorganic molecules which allows the quantitative comparison of the molecular shape of widely differing structures constituting a data base. The (topographic) concept of investigated receptor space (IRS) previously defined [4] is used with the information energy method [5] to make available an objective criterion to measure the shape (dissimilarity of bio-organic molecules (i.e., the information correlation coefficient R).
The Investigated Receptor Space
Consider a data base consisting of the compounds Mi, Mi, ..., M n which exhibit the same biological action. The M, may be conveniently written as Y ,F, where F is the pharmacophoric group and Y, is a variable part. Let M r be the most active compound in the data base: then. M r is the best available "copy" of the receptor site features (including the topographic ones), and it will be considered as the reference structure. One proceeds to superimpose the n molecules upon the reference structure so that the pharmacophore F occupies the same position, and the superposition of the variable fragments upon Y r is maximal. These are equivalent to the key-inlock theory [6] and the usual assumption [7] that the pharmacophore of each M, interacts with the same active site residues. In order to simplify the problem, the hydrogen atoms, the variations of bond lengths, as well as the difference between the trigonal and tetrahedral bond angles, are neglected. If the Y-s are conformational^ flexible, it is reasonable to suppose [8] that the drug is recognized by the receptor in one of its major solution conformations. Accordingly, one selects from among the low energy conformations of the Yj s, / = 1,2 n. that conformation which allows the maximal superposition upon the selected conformation of }' r .
The resultant pattern of vertices (representing the nonhydrogen atoms) and edges (representing the covalent bonds between the non-hydrogen atoms in the molecules considered) is called [4] the investigated receptor space, abbreviated by IRS. The IRS reflects approximately the topography of the receptor space explored by the molecules in the data base considered.
The IRS offers a very convenient basis from which the shape of the M/s are described numerically and compared quantitatively. One ascribes to each M,-the /7?-dimensional vector
in. as: X,/ = 1 if the vertex / is occupied by a non-hydrogen atom in M,-, and X,-j = 0 if it is empty; here, in stands for the number of the IRS vertices. It is easy to observe that being given the IRS and the numbering of its vertices, the X, vector has the same meaning as the adjacency matrix associated with M,.
Quantitative Comparison of the Shape of Bio-organic Molecules
One may associate with each M h via the X, vector, the finite probability scheme P,:
where Sjj is a measure of the size of the atom j in molecule /. P n is the probability that M, will occupy the receptor space centered around the vertex j.
The quantity E(i), given by
and it is a measure of the uniformity of the system describes by Pj. Because P, is related to the shape of the molecule Mj, the degree of relatedness of the probability schemes Py and Pß will characterize the degree of the shape relatedness of the molecules My and Mß. 
Application and Discussion
Consider the data base consisting of the sixteen sulfamyl benzoyl ester inhibitors of carbonic anhydrase collected in Table 1 .
The IRS depicted in Fig. 1 b was constructed according to the procedure described in Sect. 2, with the compound no. 6 as the reference structure, (Taft) and v(Charton) steric parameters'. k\\ = 0.0, k = 1.0 for the 2-nd period elements except for E(k ¥ = 0.8); k = 1.2, 1.3 and 1.7 for the 3-rd, 4-th and 5-th period elements, respectively.
Using the IRS shown in Fig. 1 , one ascribes the X vectors to the molecules of the data base. For example, the vectors A, and X 2 below correspond to 4-sulfamyl benzoyl «-butyl ester, and to 2-sulfamyl benzoyl methyl ester, respectively. = [1 1 1 1 1 1 00000 1 1 1 1 1 1 1 00] X 2 = [\ 1 1 1 1 1 1 1 1 1000000000 0] The mutual information correlation coefficients among the compounds in Table 1 are collected in Table 2 . Because the intercorrelation matrix is symmetrical, only the lower triangular part is displayed.
A,
Inspection of Table 2 shows, as expected, significant correlations among the near terms of the three homologous series (the diagonal blocks in Table 2 similar shape exhibit similar affinity constants (e.g., R (5, 6) = 0.966 and log AC (5) = 9.39. log AC (6) = 9.39; R (4. 5) = 0.964 and log AC (4) = 9.11, log AC (5) = 9.39; R (8, 9) = 0.957 and log AC (8) = 6.21, log AC (9) = 6.44 etc.). while for the unrelated compounds the affinity constants are greatly different (e.g.. R (3. 13) = 0.522 and log AC (3) = 8.77, log AC (13) = 4.80: R (4, 14) = 0.560 and log AC (4) = 9.11. log AC (14) = 5.28 etc.).
Because the steric effects are related to the shape and size of the molecule (or parts of it), it is probable that a good parallelism between the biological response and the information correlation coefficient indicates a sterically controlled biological interaction (for the sulfonamide binding to carbonic anhvdrase see [13] ). The method we suggest to relate the shape of bio-organic molecules is of interest for drug research in connection with design and selection of test compounds. In order to maximize the information-expense ratio, it is essential that test compounds are chosen to be mutually dissimilar. Our method is complementary to existing criteria for expressing the similarity of chemical compounds in respect to certain physico-chemical properties [14] , e.g.. lipophilicity (represented by n) and electronic properties (represented by o)\ further our method, unlike previous ones, is not restricted to structurally congeneric compounds.
